Dissociation of ribulose-1,5-bisphosphate carboxylase/oxygenase from spinach by urea.
The dissociation of D-ribulose-1,5-bisphosphate carboxylase/oxygenase from spinach, which consists of eight large subunits (L, 53 kDa) and eight small subunits (S, 14 kDa) and thus has a quarternary structure L8S8, has been investigated using a variety of physical techniques. Gel chromatography using Sephadex G-100 indicates the quantitative dissociation of the small subunit S from the complex at 3-4 M urea (50 mM Tris/Cl pH 8.0, 0.5 mM EDTA, 1 mM dithiothreitol and 5 mM 2-mercaptoethanol). The dissociated S is monomeric. Analytical ultracentrifuge studies show that the core of large subunits, L, remaining at 3-4 M urea sediments with S20, w = 15.0 S, whereas the intact enzyme (L8S8) sediments with S20, w = 17.7S. The observed value is consistent with a quarternary structure L8. The dissociation reaction in 3-4 M urea can thus be represented by L8S8----L8 + 8S. At urea concentrations c greater than 5 M the L8 core dissociates into monomeric, unfolded large subunits. A large decrease in fluorescence emission intensity accompanies the dissociation of the small subunit S. This change is completed at 4 M urea. No changes are observed upon dissociating the L8 core. The kinetics of dissociation of the small subunit, as monitored by fluorescence spectroscopy, closely follow the kinetics of loss of carboxylase activity of the enzyme. Studies of the circular dichroism of D-ribulose-1,5-bisphosphate carboxylase in the wavelength region 200-260 nm indicate two conformational transitions. The first one ([0]220 from -8000 to -3500 deg cm2 dmol-1) is completed at 4 M urea and corresponds to the dissociation of the small subunit and coupled conformational changes. The second one ([0]220 from -3500 to -1200 deg cm2 dmol-1) is completed at 6 M urea and reflects the dissociation and unfolding of large subunits from the core. The effect of activation of the enzyme by addition of MgCl2 (10 mM) and NaHCO3 (10 mM) on these conformational transitions was investigated. The first conformational transition is then shifted to higher urea concentrations: a single transition ([0]220 from -8000 to -1200 deg cm2 dmol-1) is observed for the activated enzyme. From the urea dissociation experiments we conclude that both large (L) and small (S) subunits are important for carboxylase activity of spinach D-ribulose-1,5-bisphosphate carboxylase: the L-S subunit interactions tighten upon activation and dissociation of S leads to a coupled, proportional loss of enzyme activity.